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(54) NOVEL MICROORGANISM AND METHOD OF TREATING ORGANIC SOLID MATTERS WITH 
THE USE OF THE MICROORGANISM 



(57) An object of the present invention is to provide 
a novel microorganism which has an excellent ability to 
solubilize a variety of organic solid matter such as bio- 
logical sludge Including raw sludge and excess sludge 
discharged from sewage treating processes at sewage 
treatment plants, night soil treatment plants or the like. 



or organic sludge discharged from production processes 
or wastewater treatment processes at food plants, chem- 
ical plants or the like. A novel microorganism of the 
present Invention belongs to genus Geobaclllus, which 
has an ability to produce a solubilizing enzyme for solu- 
bilizing organic solid matter such as organic sludge or 
biological sludge. 
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Description 
Technical Field 

5 [0001] The present Invention relates to a novel microorganism having an ability to produce a solublllzing enzyme 
which solubilizes a variety of organic solid matter such as biological sludge including raw sludge and excess sludge 
discharged from sewage treating processes at sewage treatment plants, night soil treatment plants or the like, or organic 
sludge discharged from production processes or wastewater treatment processes at food plants, chemical plants or the 
like; and a process for treatment of organic solid matter using the microorganism. 

10 

Background Art 

[0002] Conventionally, there have been hitherto reports on the processes for treating a variety of organic solid matter 
such as biological sludge including raw sludge and excess sludge discharged from sewage treating processes at sewage 
15 treatment plants, night soil treatment plants or the like, or organic sludge discharged from production processes or 
drainage treatment processes at food plants, chemical plants or the like, which are the processes for solubilization of 
organic solid matter, wherein organic solid matter is biologically decomposed by the action of bacteria or the like; and 
the strains which are expected to be applied thereto, as described in the following Prior Art Documents 1 to 4. 

20 Prior Art Document 1 : JP-A No. 7-1 84640 

[0003] Prior Art Document 2: Report on Development of New Drainage Treatment System Utilizing Biotechnology 
(Part on Sewage), pp. 73-77, Public Works Research Center (Japan) (Feb. 1991). 

[0004] Prior Art Document 3: Shigeru Kume and Yusaku Fujio, "Digestion of Municipal Sewage Sludge by a Mixture 
25 of Thermophilic Bacilli and Their Culture Extract," J. Gen. Appl. Microbiol., 36, 189-194 (1990). 

[0005] Prior Art Document 4: Yusaku Fujio and Shigenj Kume, "Isolation and Identification of Thermophilic Bacteria 
from Sewage Sludge Compost," Journal of Fermentation and Bioenglneering, Vol. 72, No. 5, 334-337 (1991). 
[0006] The above-mentioned Prior Art Document 1 relates to a process for treatment of a yeast extract residue using 
a strain producing an enzyme which specifically decomposes the yeast extract residue, namely, a strain belonging to 
30 genus Oerskovia sp. 24 (FERM P-1 3692). 

[0007] The above-mentioned Prior Art Document 2 discloses an anaerobic strain belonging to Clostridium bifermen- 
tans, which achieves specific solubilization of sterilized excess sludge under anaerobic conditions. 
[0008] Further, the above-mentioned Prior Art Documents 3 and 4 disclose digestion of sludge using a strain belonging 
to Bacillus stearothermophilus which is isolated from sewage sludge compost aerobically under high temperature con- 
35 ditions. 

[0009] However, according to Prior Art Document 1 , there is a problem that the subject that can be treated by decom- 
position is substantially limited to the yeast extract residue. 

[0010] Also, the strains disclosed in Prior Art Documents 2 to 4 are known to show low treatment efficiencies because 
they respectively show efficiencies for sludge solubilization of 25% after 1 0 days and of about 40 to 50% after 20 days, 
^0 thus requiring a long period of time to achieve a predetermined solubilization rate. Further, such low treatment efficiency 
still remains as a problem to be solved in the Industrial use of the strains. 

Disclosure of the Invention 

45 [0011] In order to solve these problems, the present inventors have searched for a microorganism which has an 
excellent effect for solubilizing organic solid matter such as sludge and which can increase the treatment efficiency by 
significantly reducing the treatment time to achieve a predetermined solubilization rate. 

[001 2] As a result, they isolated a novel microorganism belonging to genus Geobacillus which satisfies such require- 
ments, thus completing the present invention. 
50 [001 3] Thus, the invention described in claim 1 is a novel microorganism belonging to genus Geobacillus, which has 
an ability to produce a solubilizing enzyme for solubilizing organic solid matter such as organic sludge or biological sludge. 
[0014] Further, the invention described in claim 2 is a novel microorganism belonging to genus Geobacillus. which 
has an ability to produce a solubilizing enzyme for solubilizing organic solid matter such as organic sludge or biological 
sludge and has the following mycological characteristics: 

55 

A. Morphological characteristics 

(1 ) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 fjim and a length of 2.0 to 4.0 p.m 



2 
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(2) Presence or absence of motility: present 

(3) Presence or absence of spore: present 

B. Cultivating characteristics (Nutrient agar plate culture) 

(1) Colony morphology: circular, entirely smooth edge, tovy convex 

(2) Color: cream color 

(3) Gloss: present 

10 c. Physiological characteristics 

(1 ) Gram staining property: + 

(2) Nitrate reduction: - 

(3) Indole production: - 

15 (4) Hydrogen sulfide production: - 

(5) Use of citric add: - 

(6) Urease: - 

(7) Oxidase: + 

(8) Catalase: + 

20 (9) Attitude to oxygen: aerobic 

(10) O- F test (glucose) : - /- 

(11) Production of acid and gas from saccharides D-glucose: acid (+)/gas (- ) . 

[0015] The invention described in claim 3 is a novel microorganism belonging to genus Geobacillus. which has an 
25 ability to produce a solubilizing enzyme for solubilizing organic solid matter such as organic sludge or biological sludge 
and has the following mycotogical characteristics: 

A. Morphological characteristics: 

30 (1) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 \im and a length of 2.0 to 4.0 pim 

(2) Presence or absence of motility: present 

(3) Presence or absence of spore: present 



35 



B. Cultivating characteristics (Nutrient agar plate culture) 

(1) Colony morphology: circular, entirely smooth edge, low convex 

(2) Color: cream color 

(3) Gloss: present 

40 c. Physiological characteristics 

(1 ) Gram staining property: + 

(2) Nitrate reduction: - 

(3) Indole production: - 

45 (4) Hydrogen sulfide production: - 

(5) Use of citric acid: - 

(6) Urease: - 

(7) Oxidase: + 

(8) Catalase: + 

50 (9) Attitude to oxygen: aerobic 

(10) O-F test (glucose): - /- 

(11 ) Production of acid and gas from saccharides D-gtucose: acid (+)/gas (- ) 

(12) Fermentability test 

55 (a) D-glucose: + 

(b) D-fructose: + 

(c) D-mannose: + 

(d) D-sorbitol: - 
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(e) Inositol: - 

(f) Maltose: + 

(g) Trehalose: + 

5 (13) Other physiological characteristics 

(a) p-Galactosldase activity: - 

(b) Arglnine dihydrolase activity: - 

(c) Lysine dicarboxylase activity: - 
10 (d) Tryptophan deaminase activity: - 

(e) Acetoin production: - 

(f) Gelatinase activity: + 

(g) Ornithine dicarboxylase activity: - . 

15 [0016] The invention described in claim 4 is the novel microorganism according to claim 1 , which is Geobacillus sp. 
SPT4 (PERM BP-08452); the invention described in claim 5 is the novel microorganism according to claim 1 , which is 
Geobacillus sp. SPT5 (PERM BP-08453): the invention described in claim 6 is the novel microorganism according to 
claim 1 , which is Geobacillus sp. SPT6 (PERM BP-08454); and the invention described in claim 7 Is the novel microor- 
ganism according to claim 1 , which is Geobacillus sp. SPT7 (PERM BP-08455) , 

20 [0017] The invention described In claim 8 is a novel microorganism belonging to genus Geobacillus, which has an 
ability to produce a solubilizing enzyme for sotubilizing organic solid matter such as organic sludge or biological sludge 
and has a base sequence of 16SrRNA gene as described in SEQ ID No. 1 in the sequence listing. 
[0018] The invention described In claim 9 Is a novel microorganism belonging to genus Geobacillus, which has an 
ability to produce a solubilizing enzyme for solubilizing organic solid matter such as organic sludge or biological sludge 

25 and has a base sequence of IGSrRNA gene as described in SEQ ID No. 2 in the sequence listing. 

[0019] The invention described in claim 10 is a novel microorganism belonging to genus Geobacillus. which has an 
ability to produce a solubilizing enzyme for solubilizing organic solid matter such as organic sludge or biological sludge 
and has a base sequence of ISSrRNA gene as described in SEQ ID No. 4 in the sequence listing. 
[0020] The invention desaibed in claim 1 1 is a process for treatment of organic solid matter in which organic solid 

30 matter such as organic sludge or biological sludge is solubilized using at least one novel microorganism according to 
any one of claims 1 to 10. 

[0021] The invention described in claim 12 is a process for treatment of organic solid matter in which organic solid 
matter such as organic sludge or biological sludge is solubilized by a mixture of microorganisms comprising any one of 
the novel microorganisms according to claims 4, 5 and 6 and the novel microorganism according to claim 7. 

35 [0022] According to the present invention, as described above, there are provided novel microorganisms belonging 
to genus Geobacillus such as Geobacillus sp. SPT4, Geobacillus sp. SPT5, Geobacillus sp. SPT6 and Geobacillus sp. 
SPT7, which have the property of solubilizing organic solid matter such as biological sludge or organic sludge. 
[0023] In particular, since the present invention exhibits an excellent effect for sludge solubilization within an extremely 
short time period of about one day, in the case of applying the present invention to an actual apparatus, there Is obtained 

40 an effect of shortening the time for starting up operation of the apparatus. 

[0024] Purther, since the present invention exhibits an excellent solubilizing effect at a mild temperature of about 50*C 
to 65°C, in the case of applying the present invention to an actual apparatus, there is obtained an effect of significantly 
improving economic efficiency in the aspect of energy. 

[0025] Purthermore, it is possible to efficiently solubilize a variety of organic solid matter such as biological sludge 
45 including raw sludge and excess sludge that are discharged from sewage treatment processes at sewage treatment 
plants, night soil treatment plants or the like, or organic sludge that is discharged from production processes or from 
wastewater treatment processes at food plants, chemical plants or the like, by means of a process for treatment of 
solubilizing organic solid matter such as organic sludge or biological sludge using these novel microorganisms. 
[0026] Especially, when a mixture of microorganisms comprising Geobacillus sp. SPT7 and any one of Geobacillus 
50 SPT4, Geobacillus sp. SPT5 and Geobacillus sp. SPT6 is used, there Is obtained an effect of further improving the 
rate of solubilization of sludge. 

Brief Description of the Drawings 

55 [0027] 

Pig. 1 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater using a microor- 
ganism in an embodiment. 
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Fig. 2 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater in another embod- 
iment. 

Fig. 3 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater in another embod- 
5 iment. 

Fig. 4 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater in another embod- 
iment. 

10 Fig. 5 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater in another embod- 

iment. 

Fig. 6 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater in another embod- 
iment. 

15 

Fig. 7 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater in another embod- 
iment. 

Fig. 8 is a block diagram of the batch type treatment process carried out in the apparatus for treatment of Fig. 7. 

20 

Fig. 9 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater in another embod- 
iment. 

Fig. 10 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater in another em- 
25 bodiment. 

Fig. 11 is a schematic block diagram illustrating an apparatus for treatment of organic wastewater in another em- 
bodiment. 

30 Best Mode for Carrying Out the Invention 

[0028] Hereinafter, embodiments of the present invention will be described. 
[Strain screening] 

35 

[0029] Isolation of microorganism in each of the below-described embodiments of the invention was carried out as 

follows. 

[0030] From the excess sludge discharged from a sewage treatment plant, sludge for strain separation was collected. 
Thus collected sludge was diluted 1x10-2 to 10-5 times with sterilized water and then applied on an agar plate containing 
"fo a nutrient agar medium (manufactured by Oxoido Limited). This plate was incubated overnight at 60''C to obtain single 
colony. 

[0031] For the obtained single colony, the ability to decompose skim milk and the ability to decompose sterilized sludge 
were examined based on the presence or absence of halo formation in a substrate complex medium, and among the 
halo-fonning strains, four strains showing particulariy high ability of sludge decomposition were selected as characteristic 
45 strains. Specifically, determination was made with naked eyes in agar media mixed with 0.1 wt%/vol% of the strains, 
respectively, according to the extent of halo (plaque) formation. 

[0032] Calibration for the ability to decompose skim milk was carried out by a modified method in R. Beaudet. C. 
Gagnon, J.G. BIsaillon and M. Ishaque, "Microbiological Aspects of Aerobic Themriophilic Treatment of Swine Waste." 
Applied and Environmental Microbiology, pp.971 -976 (April, 1990). 

50 

(Embodiment 1 ) 

[0033] One strain among the selected four strains was tested for the mycological characteristics in the manner as 
described above. The mycological characteristics (morphological characteristics, cultivating characteristics and physi- 
cs ological characteristics) are as follows: 

A. Morphological characteristics 
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(1) Shape and size of celt: rod-shaped ceil with a width of 0.7 to 0.8 fjim and a length of 2.0 to 4.0 \irt) 

(2) Presence or absence of motility: present 

(3) Presence or absence of spore: present 

5 B. Cultivating characteristics (Nutrient agar plate culture) 

(1) Colony morphology: circular, entirely smooth edge, low convex 

(2) Color: cream color 

(3) Gloss: present 

10 

C. Physiological characteristics 

(1) Gram staining property: + 

(2) Nitrate reduction: - 
15 (3) VP test: - 

(4) Indole production: - 

(5) Hydrogen sulfide production: - 

(6) Hydrolysis of starch: - 

(7) Use of citric acid: - 
20 (8) Urease: - 

(9) Oxidase: + 

(10) Catalase: + 

(1 1 ) Growth conditions 

25 (a) pH: 6.0 to 8.0 

(b) Temperature: 45**C to 65X 

(12) Attitude to oxygen: aerobic 

(13) 0-F test (Hugh Leifson method) : - /- 

30 (14) Production of acid and gas from saccharides D-glucose: acid (-»-)/gas (- ) 

(15) Fermentability test 

(a) Glycerol: - 

(b) L-arabinose: - 
35 (c) D-xylose: - 

(d) D-galactose: - 

(e) D-glucose: + 

(f) D-fructose: + 

(g) D-mannose: + 
^0 (h) D-mannitol: + 

(i) Inositol: - 
(j) Sorbitol: - 
(k) Maltose: + 
(I) Lactose: + 
^5 (m) Sucrose: - 

(n) Trehalose: + 

(16) Other physiological characteristics 

50 (a) p-Galactosidase activity: - 

(b) Arginine dihydrolase activity: - 

(c) Lysine dicarboxylase activity: - 

(d) Tryptophan deaminase activity: - 

(e) Acetoin production: - 
55 (f) Gelatinase activity: + 

(g) Omithine dicarboxylase activity: - . 

[0034] Further, the measurement of pH and temperature for growth of the strain among the above-described physio- 
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logical characteristics was carried out as follows. 

[0035] A nutrient agar medium (manufactured by Oxoido Limited) was prepared in which pH was adjusted to the pH 
under test (6.0, 6.5, 7.0, 7.5 and 8.0) using 0.1 N hydrochloric acid (manufactured by Wako Pure Chemical Industries, 
Ltd.) and 0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.), or either of them. To this 
5 medium, the strain of the present embodiment was inoculated, the amount of cell growth for the strain cultivated at SO'*C 
for 15 hours was observed, and the degree of growth was measured qualitatively. The results are presented in the 
following Table 1 . 



Table 1 +: positive ±: weakly positive 



10 



IS 



pH 


Degreeofgrowth 


6.0 


+ 


6.5 


+ 


7.0 


+ 


7.5 


+ 


8.0 





[0036] As obvious from Table 1 above, it was found that the strain of the present embodiment grows at a pH in the 
range of 6.0 to 8.0. 

[0037] Next, a nutrient agar medium (manufactured by Oxoido Limited) which was adjusted to pH 6.5 using 0.1 N 
hydrochloric acid (manufactured by Wako Pure Chemical Industries; Ltd.) and 0.1 N sodium hydroxide (manufactured 
by Wako Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medium, the strain of the present 
embodiment was inoculated, and the amount of celt growth of the strain cultivated at the temperatures under test (37''C, 
45^, 50'C, 60 °C and 65 °C) for 15 hours was observed to measure the degree of growth qualitatively. The results are 
presented in the following Table 2. 



Table 2 +: positive ±: weakly positive - : negative 



30 



35 



Temperature 


Degreeofgrowth 


37X 




45'C 


i 


50»C 


+ 


60X 


+ 


65'C 


+ 



[0038] As obvious from Table 2 above, it was found that the strain of the present embodiment grows at a temperature 

in the range of 50*'C to 65''C. 

[0039] Furthermore, the base sequence of 1 6SrRNA gene of this strain was interpreted. The sequence is as described 
in SEQ ID No. 1 in the sequence listing. In this interpretation, 16SrRNA gene of the strain of the present embodiment 
was first amplified by the PCR method. PCR was carried out with the DNA purified from the strain of the present 
embodiment which had been subjected to shaking incubation at 60 *C for 6 hours, according to the method by Heng 
Zhu, et al. (Heng Zhu, Feng Qu and Li-Husang 2hu, "Isolation of genomic DNAs from 1993), as a template. For the 
primer, the two synthetic oligonucleotides (27f, 1492r) described in "Classification of Microorganisms and Experimen- 
tation for Classification: Based on Techniques from Molecular Genetics and Molecular Biology" (edited by Kenichiro 
Suzuki, Akira Hiraishi and Akira Yokota. Springer-Veriag. Tokyo) were used. The base sequences of these primers are 
as described in SEQ ID Nos. 5 and 6 in the sequence listing. 

[0040] The PCR reaction was carried out as follows. A reaction solution comprising 1 xPCR Buffer (Toyobo Co., Ltd.), 
0.2 mM dNTPs (Toyobo Co., Ltd.), 1 mM MgS04 (Toyobo Co., Ltd.). 100 mg of DNA of the strain of the present 
embodiment, 0.5m.M each of the primers and KOD-Plus-(Toyobo Co., Ltd.) was treated at 94"C for 2 minutes and then 
was subjected to 30 cycles consisting of thermal denaturation at 94°C for 30 seconds, annealing at 55''C for 30 seconds 
and extension at 68'C for 1.5 minutes. Finally, after performing extension at 68'C for 7 minutes, the PCR product was 
obtained. This PCR product was purified using a QIA quick PCR Purification Kit (Qiagen Inc.), and then the base sequence 
of 16SrRNA gene was determined. Detenmination of the base sequence of the gene was carried out using a DNA 
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decoding device (DNA sequencer). 

[0041] For the base sequence of the strain of the present embodiment, a BLAST homology search was carried out in 
the National Center for Biotechnology Information (NCBI http://www.ncbi.nlm.nih.gov) which is a database of genes, 
and as a result, it was found that the base sequence was approximate to 16SrRNA gene of a known bacteria belonging 

5 to genus Geo bacillus which is registered with the database. 

[0042] From the results of the test for mycological characteristics such as the above or from the base sequence of 
16SrRNA gene, the strain of the present embodiment was acknowledged to be a novel microorganism belonging to 
genus Geobacillus and was designated as Geobacillus sp. SPT4, which was deposited with the Intemational Patent 
Organism Depositary of the National Institute of Advanced Industrial Science and Technology on August 1 8, 2003 (FERM 

10 BP-08452). 

[0043] As described In the following Examples, this strain Geobacillus sp. SPT4 has a property of producing a sludge 
solubilizing enzyme having an excellent ability of sludge solubilization. Therefore, this strain can be used In various 
processes for biological treatment of sludge as described later. That is, the above-mentioned strain can be added to a 
variety of sludge such as biological sludge Including raw sludge and excess sludge that are discharged from sewage 
15 treatment processes at sewage treatment plants, night soil treatment plants or the like, or organic sludge that is discharged 
from production processes or from wastewater treatment processes at food plants, chemical plants or the like, to ap- 
propriately solubilize these sludges. 

[0044] The amount of addition of the strain should be suitably selected according to the content of organic solid matter 
in the sludge to be treated and other properties and Is not partlculariy limited. However, for example, in the case of a 
20 bacterial culture solution incubated In a nutrient broth medium (manufactured by Oxoido Limited) for about 15 hours, It 
is preferable to add about 0.5 to 3% by volume of the solution to the sludge. 

(Embodiment 2) 

25 [0045] Another strain among the selected four strains was tested for the mycological characteristics in the manner as 
described above. The mycological characteristics (morphological characteristics, cultivating characteristics and physi- 
ological characteristics) are as follows: 

A. Morphological characteristics 



30 



(1 ) Shape and size of cell: rod-shaped cell with a width of 0.8 p.m and a length of 2.0 to 4.0 ftm, cell extension 
observed 

(2) Presence or absence of motility: present 

(3) Presence or absence of spore: present 



35 



B 



Cultivating characteristics (Nutrient agar plate culture) 



40 



(1) Colony morphology: circular, entirely smooth edge, low convex 

(2) Color: cream color 

(3) Gloss: present 



C. 



Physiological characteristics 



50 



45 



(1) Gram staining property: + 

(2) Nitrate reduction: - 

(3) VP test: - 

(4) Indole production: - 

(5) Hydrogen sulfide production: - 

(6) Hydrolysis of starch: - 

(7) Use of citric acid: - 

(8) Urease: - 

(9) Oxidase: + 

(10) Catalase: + 

(11) Growth conditions 



55 



(a) pH: 6.0 to 8.0 

(b) Temperature: 50°C to 65°C 
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(12) Attitude to oxygen: aerobic 

(13) 0-F test (Hugh Leifson method) : - /- 

(14) Production of acid and gas from saccharides D-glucose: acid (+)/gas (- ) 

(15) Fermentability test 

(a) Glycerol: + 

(b) L-arabinose: + 

(c) D-xylose: + 

(d) D-galactose: + 

(e) D-glucose: + 

(f) D-fnjctose: + 

(g) D-mannose: + 

(h) D-mannitol; + 

(i) Inositol: - 
(j) Sorbitol: - 
(k) Maltose: + 
(I) Lactose: - 
(m) Sucrose: + 
(n) Trehalose: + 

(16) Other physiological characteristics 

(a) p-Galactosidase activity: - 

(b) Arginlne dihydrolase activity: - 

(c) Lysine dicarboxylase activity: - 

(d) Tryptophan deaminase activity: - 

(e) Acetoin production: - 

(f) Gelatinase activity: + 

(g) Ornithine dicarboxylase activity: - . 

[0046] Further, the measurement of pH and temperature for growth of the strain among the above-described physio- 
logical characteristics was carried out as follows. 

[0047] A nutrient agar medium (manufactured by Oxoldo Limited) was prepared In which pH was adjusted to the pH 
under test (6.0, 6.5. 7.0. 7.5 and 8.0) using 0.1 N hydrochloric acid (manufactured by Wako Pure Chemical Industries, 
35 Ltd.) and 0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.), or either of them. To this 
medium, the strain of the present embodiment was inoculated, and the amount of cell growth for the strain cultivated at 
60*C for 1 5 hours was observed to measure the degree of growth qualitatively. The results are presented in the following 
Table 3. 



10 



15 



40 Table 3 +: positive ±: weakly positive 



pH 


Degree of growth 


6.0 


+ 


6.5 


+ 


7.0 


+ 


7.5 


+ 


8.0 





50 

[0048] As obvious from Table 3 above, it was found that the strain of the present embodiment grows at a pH In the 

range of 6.0 to 8.0. 

[0049] Next, a nutrient agar medium (manufactured by Oxoido Limited) which was adjusted to pH 6.5 using 0.1 N 
hydrochloric acid (manufactured by Wako Pure Chemical Industries, Ltd.) and 0.1 N sodium hydroxide (manufactured 
^ by Wako Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medium, the strain of the present 
embodiment was Inoculated, and the amount of cell growth of the strain cultivated at the temperatures under test (37''C, 
45''C, 50°C, 60°C and 65*'C) for 15 hours was observed to measure the degree of growth qualitatively. The results are 
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presented in the following Table 4. 



Table 4 +: positive - : negative 



Temperature 


Degreeof growth 


37'C 




45°C 




50'C 


+ 


60X 


+ 


65X 


+ 



[0050] As obvious from Table 4 above, it was found that the strain of the present embodiment grows at a temperature 
In the range of 50"C to SS^C. 

[0051] Furthemiore, the base sequence of 1 6SrRNA gene of this strain was interpreted. The sequence Is as described 
in SEQ ID No. 2 in the sequence listing. In this interpretation, 16SrRNA gene of the strain of the present embodiment 
was amplified by the PGR method. The PGR method was carried out in the same procedure as in Embodiment 1 . The 
temperature conditions and the reaction cycle were also the same as in Embodiment 1. 

[0052] The primers used were also the same as in Embodiment T. Also, determination of the base sequence of the 
gene was carried out with the same DNA decoding device (DNA sequencer) as in Embodiment 1. 
[0053] For the base sequence of the strain of the present embodiment, a BLAST homology search was carried out in 
the same database of genes as in Embodiment 1 , and as a result, it was found that the base sequence was approximate 
to 16SrRNA gene of a known bacteria belonging to genus Geobacillus which is registered with the database. 
[0054] From the results of the test for mycological characteristics such as the above or from the base sequence of 
16SrRNA gene, the strain of the present embodiment was acknowledged to be a novel microorganism belonging to 
genus Geobacillus and was designated as Geobacillus sp. SPT5. which was deposited with the Intemational Patent 
Organism Depositary of the National Institute of Advanced Industrial Science and Technology on August 1 8, 2003 (PERM 
BP-08453). 

[0055] This strain Geobacillus sp. SPT5 also has a property of producing a sludge solubillzing enzyme having an 
excellent ability of sludge solubilization in the same way as Geobacillus sp. SPT4 does, and thus can be used in various 
processes for biological treatment of sludge as described later. 

(Embodiment 3) 

35 

[0056] Another strain among the selected four strains was tested for the mycological characteristics in the manner as 
described above. The mycological characteristics (morphological characteristics, cultivating characteristics and physi- 
ological characteristics) are as follows: 

A. Morphological characteristics 

(1) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 p.m and a length of 2.0 ^.m 

(2) Presence or absence of motility: present 

(3) Presence or absence of spore: present 

45 

8. Gulttvating characteristics (Nutrient agar plate culture) 

(1) Golony morphology: circular, entirely smooth edge, low convex 

(2) Golor: cream color 

(3) Gloss: present 

C. Physiological characteristics 

(1) Gram staining property: + 
^ (2) Nitrate reduction: - 

(3) VP test: - 

(4) Indole production: - 



20 



25 



10 
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(5) Hydrogen sulfide production: - 

(6) Hydrolysis of starch: - 

(7) Use of citric add:- 

(8) Urease: - 
s (9) Oxidase: + 

(10) Catalase: + 

(11) Growth conditions 

(a) pH: 6.0 to 8.0 
10 (b) Temperature: 50°C to 65'C 

(12) Attitude to oxygen: aerobic 

(13) 0-F test (Hugh Leifson method) : - 1- 

(14) Production of acid and gas fronn saccharides D-gtucose: acid (+)/gas (- ) 
15 (1 5) Fermentability test 

(a) Glycerol: - 

(b) L-arabinose: - 

(c) D-xylose: - 

20 (d) D-galactose: - 

(e) D-glucose: + 

(f) D-fructose: + 

(g) D-mannose: + 

(h) D-mannitol: - 
25 (i) Inositol: - 

(j) Sorbitol: - 
(k) Maltose: + 
(I) Lactose: - 
(m) Sucrose: - 
30 (n) Trehalose: + 

(16) Other physiological characteristics 

(a) |3-Galactosidase activity: - 
35 (b) Arginine dihydrolase activity: - 

(c) Lysine dicarboxylase activity: - 

(d) Tryptophan deaminase activity: - 

(e) Acetoin production: - 

(f) Gelatinase activity: + 

^0 (g) Ornithine dicarboxylase activity: - . 

[0057J Further, the measurement of pH and temperature for growth of the strain among the above-described physio- 
logical characteristics was carried out as follows. 

[0058] A nutrient agar medium (manufactured by Oxoido Limited) was prepared in which pH was adjusted to the pH 
45 under test (6.0, 6.5, 7.0, 7.5 and 8.0) using 0.1 N hydrochloric acid (manufactured by Wako Pure Chemical Industries. 
Ltd.) and 0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.), or either of them. To this 
medium, the strain of the present embodiment was inoculated, and the amount of cell growth for the strain cultivated at 
60X for 15 hours was observed to measure the degree of growth qualitatively. The results are presented in the following 
Table 5. 

50 

Table 5 +: positive ±: weakly positive 



pH 


Degree of growth 


6.0 


+ 


6.5 


+ 


7.0 


+ 
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Table continued 



pH 


Degree of growth 


7.5 




8.0 


± 



[0059] As obvious from Table 5 above, it was found that the strain of the present embodiment grows at a pH in the 
range of 6.0 to 8.0. 

10 [0060] Next, a nutrient agar medium (manufactured by Oxoido Limited) which was adjusted to pH 6.5 using 0.1 N 
hydrochloric acid (manufactured by Wako Pure Chemical Industries, Ltd.) and 0.1 N sodium hydroxide (manufactured 
by Wako Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medium, the strain of the present 
embodiment was inoculated, and the amount of cell growth of the strain cultivated at the temperatures under test (37°C, 
45'*C, SO^C, 60'C and 65^) for 15 hours was observed to measure the degree of growth qualitatively. The results are 

15 presented In the following Table 6. 



Table 6 +: positive - : negative 



Temperature 


Degree of growth 


37X 




45*C 




50X 


+ 


60X 


+ 




+ 



[0061 ] As obvious from Table 6 above, it was found that the strain of the present embodiment grows at a temperature 

in the range of 50°C to 65°C. 

30 [0062] Furthermore, the base sequence of 1 6SrRNAgene of this strain was interpreted. The sequence is as described 
in SEQ ID No. 3 in the sequence listing. In this interpretation, 16SrRNA gene of the strain of the present embodiment 
was first amplified by the PCR method. The PCR method was carried out in the same procedure as in Embodiment 1. 
The temperature conditions and the reaction cycle were also the same as In Embodiment 1 . The primers used were 
also the same as in Embodiment 1 . 

35 [0063] Also, determination of the base sequence of the gene was carried out with the same DNA decoding device 
(DNA sequencer) as in Embodiment 1 . 

[0064] For the base sequence of the strain of the present embodiment, a BLAST homology search was carried out in 
the same database of genes as in Embodiment 1 , and as a result, it was found that the base sequence was approximate 
to 16SrRNA gene of a known bacteria belonging to genus Geobacillus which is registered with the database. 
40 [0065] From the results of the test for mycologlcal characteristics such as the above or from the base sequence of 
16SrRNA gene, the strain of the present embodiment was acknowledged to be a novel microorganism belonging to 
genus Geobacillus and was designated as Geobacillus sp. SPT6, which was deposited with the International Patent 
Organism Depositary of the National Institute of Advanced Industrial Science and Technology on August 1 8. 2003 (FERM 
BP-08454), 

45 [0066] This strain Geobacillus sp. SPT6 also has a property of producing a sludge solubilizing enzyme having an 
excellent ability of sludge solubilization in the same way as Geobacillus sp. SPT4 does, and thus can be used in various 
processes for biological treatment of sludge as described later. 

(Embodiment 4) 

50 

[0067] Another strain among the selected four strains was tested for the mycological characteristics in the manner as 
described above. The mycological characteristics (morphological characteristics, cultivating characteristics and physi- 
ological characteristics) are as follows: 

55 A. Morphological characteristics 

(1 ) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 p.m and a length of 2.0 to 4.0 |i.m 

(2) Presence or absence of motility: present 
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(3) Presence or absence of spore: present 



B. Cultivating characteristics (Nutrient agar plate culture) 



10 



(1) Colony morphology: circular, entirely smooth edge, low convex 

(2) Color: cream color 

(3) Gloss: present 

C. Physiological characteristics 



(1) Gram staining property: + 

(2) Nitrate (Sulfate) reduction: - 

(3) VP test: - 

(4) Indole production: - 

15 (5) Hydrogen sulfide production: - 

(6) Hydrolysis of starch: + 

(7) Use of citric acid: - 

(8) Urease: - 

(9) Oxidase: + 
20 (10)Catalase: + 

(11) Growth conditions 



2$ 



30 



45 



(a) pH: 6.0 to 8.0 

(b) Temperature: 45**C to 65X 

(12) Attitude to oxygen: aerobic 

(13) 0-F test (Hugh Leifson method): - /- 

(14) Production of acid and gas from saccharides D-glucose: acid (-*-) /gas (- ) 

(15) Fermentability test 



(a) Glycerol: - 

(b) L-arabinose: + 

(c) D-xylose: + 

(d) D-galactose: - 
35 (e) D-glucose: + 

(0 D-fmctose: + 

(g) D-mannose: + 

(h) D-mannitol: + 

(i) Inositol: - 
^0 (j) Sorbitol: - 



(k) Maltose: * 
(I) Lactose: - 
(m) Sucrose: • 
(n) Trehalose: + 

(16) Other physiological characteristics 



(a) P-Galactosidase activity: - 

(b) Arginine dihydrolase activity: - 

(c) Lysine dicarboxylase activity: - 

(d) Tryptophan deaminase activity: - 

(e) Acetoin production: - 

(f) Gelatinase activity: + 

(g) Ornithine dicarboxylase activity: - . 

[0068] Further, the measurement of pH and temperature for growth of the strain among the above-described physio- 
logical characteristics was carried out as follows. 

[0069] A nutrient agar medium (manufactured by Oxoido Limited) was prepared in which pH was adjusted to the pH 
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under test (6.0. 6.5, 7.0, 7.5 and 8.0) using 0.1 N hydrochloric acid (manufactured by Wako Pure Chemical Industries, 
Ltd.) and 0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries. Ltd.). or either of them. To this 
medium, the strain of the present embodiment was inoculated, and the amount of cell growth for the strain cultivated at 
60'*C for 1 5 hours was observed to measure the degree of growth qualitatively. The results are presented in the following 
5 Table 7. 



Table 7 +: positive ±: weakly positive 



PH 


Degreeof growth 


6.0 




6.5 


+ 


7.0 


+ 


7.5 


+ 


8.0 


+ 



[0070] As obvious from Table 7 above, it was found that the strain of the present embodiment grows at a pH in the 
range of 6.0 to 8.0. 

[0071] Next, a nutrient agar medium (manufactured by Oxoido Limited) which was adjusted to pH 6.5 using 0.1 N 
hydrochloric acid (manufactured by Wako Pure Chemical Industries, Ltd.) and 0,1 N sodium hydroxide (manufactured 
by Wako Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medium, the strain of the present 
embodiment was inoculated, and the amount of cell growth of the strain cultivated at the temperatures under test (37'C, 
45"C, 50°C, 60'C and 65°C) for 15 hours was observed to measure the degree of growth qualitatively. The results are 
presented in the following Table 8. 



Table 8 +: positive ±: weakly positive - : negative 



Temperature 


Degree of growth 


37'C 




45X 




50*'C 


+ 


60X 


+ 


65°C 


+ 



[0072] As obvious from Table 8 above, it was found that the strain of the present embodiment grows at a temperature 
in the range of 45*'C to 65'C. 

[0073] Furthermore, the base sequence of 1 6SrRNA gene of this strain was interpreted. The sequence is as described 
in SEQ ID No. 4 in the sequence listing. In this interpretation, IBSrRNA gene of the strain of the present embodiment 
was first amplified by the PCR method. The PCR method was carried out in the same procedure as in Embodiment 1. 
The temperature conditions and the reaction cycle were also the same as in Embodiment 1 . 

[0074] The primers used were also the same as in Embodiment 1 . Also, determination of the base sequence of the 

gene was carried out with the same DNA decoding device (DNA sequencer) as in Embodiment 1. 

[0075] For the base sequence of the strain of the present embodiment, a BLAST homology search was carried out in 

the same database of genes as in Embodiment 1 , and as a result, it was found that the base sequence was approximate 

to 16SrRNA gene of a known bacteria belonging to genus Geobacillus which is registered with the database. 

[0076] From the results of the test for mycological characteristics such as the above or from the base sequence of 

16SrRNA gene, the strain of the present embodiment was acknowledged to be a novel microorganism belonging to 

genus Geobacillus and was designated as Geobacillus sp. SPT7, which was deposited with the Intemational Patent 

Organism Depositary of the National Institute of Advanced Industrial Science and Technology on August 18, 2003 (FERM 

BP-08455). 

[0077] This strain Geobacillus sp. SPT7 also has a property of producing a sludge solubilizing enzyme having an 
excellent ability of sludge solubilization in the same way as Geobacillus sp. SPT4 does, and thus can be used in various 
processes for biological treatment of sludge. 
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EXAMPLE 

[0078] Hereinafter, Examples of the present invention will be described. 
5 (Example 1 ) 

[0079] The strain of each embodiment described above was used to carry out the test for sludge solubilization. 
[0080] The test for sludge solubilization was carried out using excess sludge collected from a sewage treatment plant 
in Kobe. The method of preparing the sterilized, cleaned sludge used in the solubilization test and the method of solu- 
10 bllization test will be explained below. 

[Method of preparing sterilized sludge] 

[0081] 

15 

1. Excess sludge was subjected to autodaving at 121 for 15 minutes and then to centrifugatlon (about 15,000 g, 

1 0 minutes) to recover the settlement. 

2. The settlement was suspended sufficiently in pure water and then subjected to autodaving and centrifugatlon 
20 under the above-described conditions, to recover the settlement. 

3. The settlement was resuspended in pure water and then cleaned by centrifugatlon. This operation was repeated 
twice. 

25 4. The settlement was suspended In pure water to a concentration of about 10,000 mg/l and then subjected to 
autodaving. The resulting product was supplied to the test. 

[Method of solubilization test] 

30 [0082] 

1. Each strain incubated ovemight in a LB liquid medium (manufactured by Difco Inc.; 10 g of bactotrypton, 5 g of 
a yeast extract, 5 g of sodium chloride and 1 L of distilled water) at 63°C was added to the above-described sterilized, 
cleaned sludge to a volume ratio of 1% and was subjected to shaking Incubation at 63**C. The concentration of the 

35 volatile suspended solids (VSS) was measured according to the Sewage Testing Method (Vol.1) [Japan Sewage 
Worths Assodation, pp.296-297 (1997)]. 

2. The VSS solubilization rate for the sludge was determined based on the following equation: 

40 

VSS Solubilization Rate = [ (starting VSS concentration 
- VSS concentration after incubation) /starting VSS 
concentration] x 100 (%) 



50 



55 



[0083] The test results are presented in Table 9. In Table 9, control means the case where bacteria are not added to 
the system. 

Table 9 



Incubation time (hr) 


SPT4 


SPT5 


SPT6 


SPT7 


Control 


0 


0 


0 


0 


0 


0 


24 


25.7 


26.3 


26.1 


23.5 


3.6 


48 


35.5 


35.0 


36.7 


33.2 


4.5 
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10 



[0084] As it is obvious in Table 9. alt of the strains of Embodiments 1 to 4 exhibited excellent sludge solubilization 
rates of approximately 25% after 24 hours of incubation and excellent sludge solubilization rates of approximately 35% 
after 48 hours of incubation. 

[0085] Although solubilization was carried out at 63°C as described above in the sludge solubilization test of the 
present Example, the temperature for solubilization is not limited to this. Solubilization can be carried out at a temperature 
in the range of 45 to 70'C in accordance with the temperature for growth of the strains of Embodiments 1 to 4. However, 
in order to attain an excellent solubilization rate, it is preferable to set the temperature in the range of 50 to BS^'C. 
[0086] Next, a mixture of the strain of Embodiment 1 , 2 or 3 and the strain of Embodiment 4 was used to carry out a 
test for comparing the sludge solubilization rate with that of the case where a single bacterium was used. The results 
are presented in Table 10. 



Table 10 



Incubation time (hr) 


SPT4 


SPT5 


SPT6 


SPT7 


SPT4+ SPT7 


SPT5+ SPT7 


SPT6+ SPT7 


0 


0 


0 


0 


0 


0 


0 


0 


24 


25.3 


26.8 


24.4 


22.7 


26.6 


27.7 


25.5 


48 


36.0 


35.4 


37.1 


33.8 


38.0 


42.5 


39.3 



15 



20 



25 



30 



[0087] As obvious from Table 10, when a bacteria! mixture of the strain of Embodiment 1, 2 or 3 and the strain of 
Embodiment 4 was used, the sludge solubilization rate increased as compared with the case where a single bacterium 
was used. This is contemplated to reflect that strain SPT7 of Embodiment 4 grows under higher pH conditions. That is, 
when proteins in the sludge are first decomposed by enzymes (a protease, a lipase, etc.) produced by those themiophilic 
bacteria other than strain SPT7 to produce ammonia, thus pH of the sludge being increased. Thus, it is believed that 
under such conditions, SPT7 proliferates actively and produces enzyme related to sludge solubilization to promote 
sludge solubilization. 

[0088] Further, in the case of solubilizing organic solid matter with a mixture of the strain of Embodiment 1 , 2 or 3 and 
the strain of Embodiment 4. it is preferable to treat the solid matter at a pH in the range of 7.0 to 8.5. 

(Example 2) 



35 



40 



45 



50 
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[0089] Strains Geobactllus sp. SPT4, Geobacillus sp. SPT5, Geobacillus sp. SPT6 and Geobaciilus sp. SPT7 of the 
respective Embodiments described above have a property of producing a sludge solubilizing enzyme which has an 
excellent ability of sludge solubilization as described above and thus can be used in various processes for biological 
treatment of sludge. 

[0090] In the present Example, an example of the process for biological treatment wilt be described. 
[0091] An apparatus for carrying out the process for biological treatment of the present Example is provided with, as 
shown In Fig. 1 , a biological treatment unit, a settling tank and a solubilization tank. In the present Example, wastewater 
A is introduced into a biological treatment tank 2 via a path 1 . and the wastewater, which is organic wastewater, is 
subjected to aerobic biological treatment at the biological treatment tank 2. Aerobic biological treatment means decom- 
position of organic matter into Inorganic matter such as carbon dioxide or water by biological oxidation. 
[0092] Next, treated water B which has been biologically treated is Introduced into a settling tank 4, which is a unit for 
solid-liquid separation, via a path 3 and is subjected to solid-liquid separation. Supernatant liquid C resulting from solid- 
liquid separation is discharged or the like, and a portion of sludge D which is the solid matter resulting from solid-liquid 
separation passes through a path 5, joins the path 1 and is introduced into the biological treatment tank 2 together with 
wastewater A. 

[0093] The remaining portion of sludge E separated at the settling tank 4 Is introduced Into the solubilization tank 7 
via the path 6. At the solubilization tank 7, solubilization of organic solid matter is carried out aeroblcally under high 
temperature conditions. In this solubilization treatment, each of the novel microorganisms of the above Embodiments 1 
to 4 is used. 

[0094] The solubilization tank 7 is intended for solubilization of the sludge supplied from the biological treatment tank 
2 as described above, and this solubilization process Is achieved by solubilizing enzymes such as a protease. Here, 
such solubilizing enzymes are those produced by the strains of Embodiments 1 to 4, namely, Geobacillus sp. SPT4 
[FERM BP-08452], Geobacillus sp. SPT5 [FERM BP-08453], Geobacillus sp. SPT6 [FERM BP-08454] and Geobacillus 
sp. SPT7 [FERM BP-08455] . These strains may be either preliminarily maintained in the solubilization tank 7, preliminarily 
included In the sludge supplied to the solubilization tank 7. or freshly added into the solubilization tank 7. Also, these 
four strains can be used individually or in mixtures. 
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[0095] The temperature of the soiubiiization tank 7 is set to a temperature in the range of 45 to 70*^0, and preferably 
to a temperature in the range of 50 to 65'C, in accordance with the temperature for growth of the strains of Embodiments 
1 to 4. Further, the pH is preferably set to a pH In the range of 5.5 to 9, and preferably to a pH in the range of 6 to 8.5, 
in accordance with the pH for growth of the strains of Embodiments 1 to 4. 

5 

(Example 3) 

[0096] The present Example is another example of the process for biological treatment, and the treatment apparatus 
of the present Example is provided with, as shown in Fig. 2, a concentrating unit 9 downstream to the settling tank 4 

10 and upstream to the solubilization tank 7. As sludge is concentrated at the concentrating unit 9 before being supplied 
to the solubilization tank 7, the amount of introduction of sludge into the solubilization tank is reduced, and consequently 
HRT at the solubilization tank 7 is extended, thus it being possible to significantly reduce the amount of BOD in the 
treated liquid that is returned from the solubilization tank 7 to the biological treatment tank 2. For the concentrating unit 
9, a concentrating apparatus equipped with means for membrane concentration, centrifugal concentration, floating 

IS concentration, evaporative concentration or the like can be used. 

[0097] The temperature at the solubilization tank 7 is set to a temperature in the range of 45 to 70''C, and preferably 
to a temperature In the range of 50 to eS'C, as In Example 1 above. Further, the pH is also set to a pH in the range of 
5.5 to 9, and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the same as in Example 2 that the 
four strains can be used individually or in mixtures. It is also the same as in Example 2 that the strains may be either 

20 preliminarily maintained In the solubilization tank 7. preliminarily included in the sludge supplied to the solubilization tank 
7, or freshly added into the solubilization tank 7. 

[0098] The treatment apparatus of this Fig. 2 is an-anged such that a portion of sludge D which is solid matter resulting 
from solid-liquid separation passes through the path 5, joins the path 1 and is introduced into the biological treatment 
tank 2 together with wastewater A, and the remaining portion of sludge E separated at the settling tank 4 is supplied to 
2S the concentrating unit 9. However, the arrangement is not limited to this, and it is also possible to concentrate at the 
concentrating unit 9 all of sludge D that has been separated at the settling tank 4, then to return a portion of the sludge 
to the biological treatment tank 2 via the path 5, and to solubilize the remaining sludge at the solubilization tank 7 by 
means of thermophilic bacteria, as shown in Fig. 3. 

30 (Example 4) 

[0099] In the present Example, as shown in Fig. 4, a membrane separation unit 10, by which solid-liquid separation 
Is carried out in parallel with biological treatment, is disposed inside the biological treatment tank 2. Therefore, solid- 
liquid separation is more suitably carried out. 
3S [0100] In the membrane separation unit 10 that is disposed inside the biological treatment tank 2, for example, a 
membrane having pore size of from 0.1 to 2.5 fxm, preferably from 0.3 to 0.5 |xm, is used. 

[0101] The temperature of the solubilization tank 7 is set to a temperature in the range of 45 to 70°C, and preferably 
to a temperature in the range of 50 to 65°C, as in Example 1 above. Further, the pH is also set to a pH in the range of 
5.5 to 9, and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the same as in Example 2 that the 
^0 four strains can be used individually or in mixtures. It is also the same as in Example 2 that the strains may be either 
preliminarily maintained in the solubilization tank 7, preliminarily included in the sludge supplied to the solubilization tank 
7, or freshly added to the solubilization tank 7. 

(Example 5) 

45 

[0102] The present Example is an example for removing a phosphorus component by microorganisms. A treatment 
apparatus of the present Example is arranged such that, as shown in Fig. 5, a biological treatment tank 2 includes an 
anaerobic tank 2a and an aerobic tank 2b. Further, a phosphorus releasing unit 1 1 is disposed downstream to the settling 
tank 4 and upstream to the solubilization tank 7. In the present Example, phosphorus is released from microorganisms 
50 in the anaerobic tank 2a, and then the aerobic digestion by microorganisms and ingestion of the phosphorus component 
by microorganisms (accumulation in body) are achieved in the aerobic tank 2b. 

[0103] Next, the treated liquid that has been biologically treated is separated into primary treated water a and primary 
sludge x which contains the concentrated phosphorus component, in the settling tank 4. In order to release phosphorus 
component from the microorganism in primary sludge x, the phosphorus component is released in the liquid phase at 
S5 the phosphorus releasing unit 1 1 . In this case, release of the phosphorus component can be carried out by, for example, 
anaerobic treatment, heat treatment, ultrasonic treatment, ozone treatment, alkaline treatment or the like, and it is 
particularly preferable to carry out it by anaerobic treatment. Next, a flocculating agent is added to secondary treated 
water b, and the phosphorus component is flocculated as a solid component at a phosphorus separating unit 12 to give 
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tertiary treated water c which substantially does not contain a phosphorus component, and a solid phosphorus component 
y. This solid phosphorus component y can be used as a raw material for production of fertilizers or phosphorus compounds. 
The foregoing secondary sludge z is further subjected to solubilization at the solubilization tank 7 for volume reduction 
of the sludge fraction. 

5 [0104] The temperature of the solubilization tank 7 is set to a temperature in the range of 45 to 70''C, and preferably 
to a temperature in the range of 50 to 65''C. as in Example 1 above. Further, the pH is also set to a pH in the range of 
5.5 to 9, and preferably to a pH in the range of 6 to 8.5. as in Example 2. It is also the same as in Example 2 that the 
four strains can be used individually or in mixtures. It is also the same as in Example 2 that the strains may be either 
preliminarily maintained in the solubilization tank 7, preliminarily included in the sludge supplied to the solubilization tank 

10 7, or freshly added to the solubilization tank 7. 

(Example 6) 

[0105] The present Example is an example for the case where the loss of heat energy is small, the content of the 
15 nitrogen-containing organic components or the nitrogen-containing inorganic components in the treated water that is 
discharged out of the treatment system is small, and deodorization of an exhaust gas emitted to the atmosphere is 
possible. As shown In Fig. 6, on the route of the treated liquid to the biological treatment tank 2, a nitrification unit 13 
and a denitrification unit 14 are disposed, and a portion of the sludge separated at the settling tank 4 is returned to the 
nitrification unit 13 via a recycle path 15, while the treated liquid solubilized at the solubilization tank 7 is returned to the 
20 denitrification unit 14 via a heat exchanger 16 and a retum path 17. Also, air which has entered the solubilization tank 
7 via the path 26 is sent to the nitrification unit 13 via the path 27. 

[0106] The NH4* component in the organic wastewater is changed to NO2* or NO3- by nitrifying bacteria at the nitrifi- 
cation unit 13, and this N02' or N03" is introduced to the denitrification unit 14 and then emitted to the atmosphere, thus 
the odor of the gas emitted to the atmosphere being significantly attenuated. Further, the heat of the gas discharged 
25 from the solubilization tank 7 is effectively used in the nitrification treatment at the nitrification unit 13, and thus the loss 
of heat energy is small. 

[0107] Furthermore, the content of the nitrogen-containing organic components or the nitrogen-containing inorganic 
components in the treated water discharged out of the treatment system is substantially zero. 
[0108] The temperature of the solubilization tank 7 is set to a temperature in the range of 45 to 70°C, and preferably 
30 to a temperature in the range of 50 to 65*'C, as in Example 1 above. Further, the pH is also set to a pH in the range of 
5.5 to 9, and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the same as in Example 2 that the 
four strains can be used individually or in mixtures, it is also the same as in Example 2 that the strains may be either 
preliminarily maintained in the solubilization tank 7. preliminarily included in the sludge supplied to the solubilization tank 
7, or freshly added to the solubilization tank 7. 

35 

(Example 7) 

[0109] The apparatus for treatment of organic wastewater of the present Example includes a biological treatment tank 
2 and a solubilization tank 7, as shown in Fig. 7. In the biological treatment tank 2, treatment of organic wastewater is 

^0 achieved batchwise. In the present Example, sewage water was used as the organic wastewater. 

[0110] In the present Example, treatment is achieved by carrying out the processes of inflow of raw water, reaction, 
settling, draining, sludge discharge and the like in one cycle. More specifically, as shown in Fig. 8, while the system 
receives an inflow of raw water, the processes of aeration, stirring, aeration, stirring, aeration, settling due to stopped 
aeration, solid-liquid separation and solubilization treatment are carried out in cycles. In this case, aeration is an aerobic 

45 treatment, while stirring is an anaerobic treatment. Repeated processes of aeration and stining, and the processes of 
settling and solid-liquid separation are carried out in the biological treatment tank 2, and the process of solubilization 
treatment is canied out in the solubilization tank 7. 

[0111] A series of the batch processes for wastewater treatment from the reception of an Inflow of raw water to the 
discharge of treated water can allow adjustment of the duration of treatment in each process so that the processes are 
so carried out multiple times (e.g.. 2 to 4 times) a day; however, depending on the nature and state of wastewater, the 
duration of treatment in each process may be adjusted such that the batch process is carried out, for example, about 
once a day or twice per three days. 

[0112] In the present Example, the process of aeration involves nitrification by nitrifying bacteria, and the process of 
stirring with aeration being stopped involves denitrification by denitrifying bacteria. Then, upon stopping of aeration, 
55 sludge is settled and separated. The supematant is discharged or the like, and a portion of the settled sludge is retained 
in the biological treatment tank 2 for the subsequent batch process, while the remaining portion of the sludge is supplied 
to the solubilization tank 7 for solubilization treatment. The liquid treated by solubilization at the solubilization tank 7 is 
preferably returned to the process of stirring at the first step, as shown in Fig. 9. 
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[0113] The solubilization treated liquid is returned to tlie biological treatment tank 2 in 3 hours to 30 minutes, and 
preferably in 1 hour to 30 minutes, before the stopping of aeration at the first step. The number of cycles is determined 
by the BOD-SS load at the biologjcal treatment tank. In general, in the case of high load operation (BOD-SS load: 0.2 
to 0.4 kg BOD/kg SS day). it is preferable that the nitrification-denitrification treatment with aeration and stirring is operated 
5 in 3 or 4 cycles. Also, in the case of low load operation (BOD-SS load: 0.03 to 0.05 kg BOD/kg SS day). it is preferable 
that the nitrification-denitrification treatment is operated in 2 or 3 cycles. 

[0114] The temperature of the solubilization tank 7 is set to a temperature in the range of 45 to 70''C, and preferably 
to a temperature in the range of 50 to 65°C, as in Example 1 above. Further, the pH is also set to a pH in the range of 
5.5 to 9, and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the same as In Example 2 that the 
10 four strains can be used individually or in mixtures. It is also the same as in Example 2 that the strains may be either 
preliminarily maintained in the solubilization tank 7, preliminarily included in the sludge supplied to the solubilization tank 
7, or freshly added to the solubilization tank 7. 

[01 1 5] In the present Example, the solubilized sludge is returned to the reaction tank of the first (initial) aeration process 
in 3 hours to 30 minutes, and preferably in 1 hour to 30 minutes, before stopping of the aeration. It is possible thereby 
IS to effectively use the organic matter contained in the solubilized sludge as a source of proton (source of BOD) during 
the denitrification treatment in order to promote denitrification. Therefore, since the amount of chemical agents such as 
methanol that are generally used as the source of proton can be reduced, the cost associated with the amount of chemical 
agents can be also reduced. 

[0116] in this case, the duration for solubilization treatment is preferably from 12 to 72 hours, more preferably from 
20 18 to 48 hours, and most preferably from 20 to 36 hours. 

(Example 8) 

[Oil 7] The apparatus for treatment of organic wastewater of the present embodiment is provided with an anaerobic 
25 tank 1 8, a primary aeration tank 19, an anoxic tank 20, a secondary aeration tank 21 . a settling tank 4 and a solubilization 
tank 7 as shown in Fig. 9. 

[01 1 8] An anaerobic tank 1 8 has a function of anaerobically digesting organic wastewater, and in the case where the 
return sludge or the sludge in the acid-fermented liquid contains phosphorus, the function of releasing the phosphorus 
in the sludge Into the liquid. 

30 [0119] A primary aeration tank 19 is intended for aerobic biological treatment through aeration and stirring of the 
treated liquid that has been anaerobically treated at the foregoing anaerobic tank 18, and for oxidative decomposition 
of the organic matter in anaerobically treated water, or nitrification of the ammonia inflow. This primary aeration tank 19 
may be any one which is notably equipped with an aeration means, and for the aeration means, though not limited, for 
example, an aeration tube can be used. The aeration treatment is carried out preferably at room temperature and at a 

35 ventilation volume of 0.1 to 0.5 wm in order to allow aerobic digestive decomposition; however, depending on the load, 
the treatment can be carried out at a higher ventilation volume and a higher temperature. The liquid to be treated is 
adjusted preferably to pH 5.0 to 8.0, and more preferably to pH 7.0 to 8.0. 

[0120] An anoxic tank 20 is intended for denitrification of the treated liquid that has been aerobically treated at the 
foregoing primary aeration tank 19. 

40 [0121] A secondary aeration tank 21 is intended to subject the treated liquid that has been denitrified at the foregoing 
anoxic tank 20 to aerobic biological treatment. This secondary aeration tank 21 has the same arrangement as the 
foregoing primary aeration tank 19. and biological treatment is carried out by aeration and stirring in the same manner. 
In this case, the secondary aeration tank 21 has both functions of nitrification and BOD removal. Further, although not 
shown in the figure, a portion of the nitrified liquid which is the treated liquid from secondary aeration tank 21 , is returned 

^5 to the anoxic tank 20 for denitrification of nitric acid or nitrous acid in the nitrified liquid. 

[0122] The settling tank 4 is intended for solid-liquid separation of the treated liquid that has been biologically treated 
at the foregoing secondary aeration tank 21 , and the separated liquid fraction is recycled as a treated liquid or discharged, 
while the sludge which is the separated and settled solid fraction is then partly supplied to the solubilization tank 7, with 
the remaining portion being returned to the anaerobic tank 18. 

50 [0123] When sewage water is treated in a treatment apparatus having such an arrangement, sewage water Is first 
supplied to the anaerobic tank 18. The treatedwater after anaerobic treatment is supplied to the primary aeration tank 
19 of the next process and treated aerobically by aeration and stirring. This aerobic treatment by aeration and stirring 
leads to the nitrification treatment. 

[0124] Next, the treated liquid that has been treated by aeration at the primary aeration tank 19 is supplied to the 
55 anoxic tank 20. In this anoxic tank 20. denitrification is carried out. The treated liquid that has been denitrified at the 
anoxic tank 20 is supplied to the secondary aeration tank 21 and treated aerobically by aeration and stirring. This aeration 
at the secondary aeration tank 21 leads to nitrification and removal of BOD. 

[0125] Next, the treated liquid that has been aerated at the secondary aeration tank 21 is supplied to the settling tank 
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4. In this settling tank 4, solid-liquid separation occurs, and the separated liquid fraction is recycled as a treated liquid 
or discharged, while the sludge which is the separated and settled solid fraction is partly supplied to the solubilization 
tank 7 so that the sludge is solubilized aerobically by the strain of the above-described embodiment. Also, the remaining 
portion of the settled sludge is returned to the anaerobic tank 18 as a return sludge. 
5 [01 26] The sludge solubilized at the solubilization tank 7 is returned to the aforementioned anoxic tank 20 and treated 
again. Then, denitrification at the anoxic tank 20, aeration at the secondary aeration tank 21, solid-liquid separation at 
the settling tank 4 and solubilization at the solubilization tank 7 are repeated in cycles. 

[0127] HRT at the solubilization tank 7 is preferably selected based on the HRT value which maximizes the amounts 
of bacterial production and secretion. If HRT is selected in this way, the reaction under the action of the sludge soiubilizing 
10 enzyme produced and secreted can be efficiently utilized. Typically, HRT is preferably set to 12 to 72 hours, more 
preferably set to 24 to 72 hours in view of oxidation of ammonia in the solubilized liquid, and most preferably set to 36 
to 48 hours in view of balancing between compacting of the solubilization apparatus and improvement of the quality of 
treated water. 

[0128] Furthermore, the HRT values at tanks other than solubilization tank 7 are such that 0.5 to 1.5 hours at the 
15 anaerobic tank 18, 2 to 6 hours at the primary aeration tank 1 9, 0.5 to 3 hours at the anoxic tank 20, and 0.5 to 2 hours 
at the secondary aeration tank 21; and preferably 0.5 to 1 hour at the anaerobic tank 18, 3 to 5 hours at the primary 
aeration tank 1 9, 1 to 2 hours at the anoxic tank 20, and 0.5 to 1 ,5 hours at the secondary aeration tank 21 . 
[0129] The temperature of the solubilization tank 7 is preferably set to a temperature in the range of 45 to 70°C, and 
preferably to a temperature in the range of 50 to QS^'C, as in Example 1 above. Further, the pH is also set to a pH in the 
20 range of 5.5 to 9, and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the same as in Example 2 
that the four strains can be used individually or in mixtures. It is also the same as in Example 2 that the strains may be 
either preliminarily maintained in the solubilization tank 7, preliminarily included in the sludge supplied to the solubilization 
tank 7, or freshly added to the solubilization tank 7. 

25 (Example 9) 

[0130] The present Example is different from the foregoing Example 8 in that there are provided two anoxic tanks and 
only one aeration tank. 

[01 31 ] Thus, the treatment apparatus of the present Example is provided with a pre-anoxic tank 23, an anaerobic tank 
30 18, a compatible tank 24, an anoxic tank 20, an aeration tank 25, a settling tank 4, a concentrator 9 and a solubilization 
tank 7 as shown in Fig. 10. 

[0132] In the present embodiment, the raw water entering anaerobic tank 18 is supplied to the compatible tank 24. 
[0133] This compatible tank 24 has a function of changing the return path of the sludge and treated liquid (nitrified 
liquid) from the aeration tank 25 in accordance with the degree of denitrification of the sewage inflow. For example, 

35 during the season of high degree of denitrification such as summer, the compatible tank is used as an anaerobic tank 
to promote the reaction of releasing phosphorus from the return sludge in the anaerobic state, whereas during the season 
of low degree of denitrification such as winter, it is used as an anoxic tank to promote denitrification reaction of raw water 
and the nitrified liquid returned from the aeration tank 25 to the pre-anoxic tank 23 or the compatible tank 24. 
[01 34] After the treatment at the compatible tank 24 as such, raw water is supplied to the anoxic tank 20 for denitrification 

^0 thereof, and is supplied again to the aeration tank 25 for aerobic biological treatment by aeration and stining. Next, it is 
supplied from the aeration tank 25 to the settling tank 4, and is subjected to solid-liquid separation at this settling tank 
4, the separated liquid fraction being appropriately discharged. Further, the sludge which is the separated and settled 
solid fraction is supplied to the concentrator 9 and to the solubilization tank 7. In this case, the aeration tank 25 has the 
functions of BOD removal and nitrification. A portion of the nitrified liquid which is the treated liquid from the aeration 

^ tank 25 is returned to the pre-anoxic tank 23. a nd preferably (though not shown in the figure) to the anoxic tank 20. 
[0135] The sludge solubilized at the solubilization tank 7 is returned to the compatible tank 24 and is circulated through 
the cyde of the compatible tank 24, the anoxic tank 20, the aeration tank 25, the settling tank 4, the concentrator 9 and 
the solubilization tank 7. In addition to being supplied to the concentrator 9, the sludge separated at the settling tank 4 
is also returned to the pre-anoxic tank 23. Further, sludge from the anaerobic tank 18 or the compatible tank 24 is also 

50 retumed to the pre-anoxic tank 23. 

[0136] The temperature of the solubilization tank 7 is set to a temperature in the range of 45 to 70''C, and preferably 
to a temperature in the range of 50 to 65°C, as in Example 1 above. Further, the pH is also set to a pH in the range of 
5.5 to 9, and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the same as in Example 2 that the 
four strains can be used individually or in mixtures. It is also the same as in Example 2 that the strains may be either 

55 preliminarily maintained in the solubilization tank 7, preliminarily included in the sludge supplied to the solubilization tank 
7, or freshly added to the solubilization tank 7. 
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(Example 10) 

[0137] The treatment apparatus of the present Example is provided with an anaerobic tank 18, an anoxic tank 20, an 
aeration tank 25, a settling tank 4 and a solubilization tank 7, as shown in Fig. 11. 
5 [0138] In the present example, raw water Is anaerobically treated at the anaerobic tank 18 so that the phosphorus 
component in the sludge Is released, and is supplied to the anoxic tank 20 where it is subjected to denitriftcation. The 
treated liquid which has been denitrified at the anoxic tank 20 is supplied to the aeration tank 25, and ammonia contained 
in the sludge is changed to nitrous acid or nitric acid at the aeration tank 25. That is, nitrification occurs at the aeration 
tank 25. 

10 [0139] Next, the treated liquid that has been nitrified at the aeration tank 25 is supplied to the settling tank 4. Solid- 
liquid separation occurs at this settling tank 4. and the separated liquid fraction is discharged or the like. A portion of the 
sludge which is the separated and settled solid fraction is supplied to the solubilization tank 7, and the remaining portion 
is returned to the anaerobic tank 18 as return sludge. 

[0140] The sludge after solubilization treatment is returned to the anaerobic tank 18 and is subjected to repetition of 
IS the cycle of denitrification at the anoxic tank 20. treatment at the aeration tank 25, solid-liquid separation at the settling 
tank 4 and solubilization at the solubilization tank 7. Further, a portion of the nitrified liquid which has been treated at 
the aeration tank 25 is returned to the anoxic tank 20 or the anaerobic tank 1 8 and denitrified at the anoxic tank 20. 
[0141] The temperature of the solubilization tank 7 is set to a temperature in the range of 45 to 70''C, and preferably 
to a temperature in the range of 50 to 65'*C, as in Example 1 above. Further, the pH Is also set to a pH in the range of 
20 5.5 to 9, and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the same as in Example 2 that the 
four strains can be used individually or in mixtures. It is also the same as in Example 2 that the strains may be either 
preliminarily maintained in the solubilization tank 7, preliminarily included in the sludge supplied to the solubilization tank 
7, or freshly added to the solubilization tank 7. 
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<160> 
<210> 
<211> 
<212> 
<213> 
<400> 
gaacgct ggc 
gl t cggt t ag 
act ccgggaa 
aggcggct I t 
acggct cacc 
t gagacacgg 
agtctgacgg 
lagggaagaa 
cccggct aac 
at I gggcgt a 
ccgt ggaggg 
gl gt agcggt 
t ct gt aact g 
gt ccacgccg 
ct aacgcgt t 
gacgggggcc 
t accaggt ct 
agggt gacag 
cgcaacgagc 
t gccgat gac 
t gggct acac 
aat cccaaaa 
aat cgct agt 
ccgcccgt ca 
gccagccgcc 



ggcgt gcct a 
cggcggacgg 
accggagct a 
ggct gt cact 
aaggcgacga 
cccagact cc 
agcgacgccg 
gaagt accgt 
t acgt gccag 
aagcgcgcgc 
t cat t ggaaa 
gaaat gcgt a 
acgct gaggc 
t aaacgat ga 
aagcact ccg 
cgcacaagcg 
t gacat cccc 
gt ggt gcat g 
gcaaccct eg 
aaat cggagg 
acgt get aca 
agccgct ct c 
aat cgcggat 
caccacgaga 
gaaggtgggg 



at acat gcaa 
gt gagt aaca 
at accggat a 
t acggat ggg 
tgcgtagccg 
t acgggaggc 
cgtgagcgaa 
icgaat aggg 
cagccgcggi 
aggcggt ccc 
ct gggggact 
gagat gt gga 
gcgaaagcgt 
gt get aagt g 
cctggggagt 
gt ggagcat g 
t gacaaccct 
gt t gt cgt ca 
acct t agt t g 
aaggt gggga 
at gggcggt a 
agltcggatt 
cagcat gccg 
get t gcaaca 
caagt gattg 



gt cgagcgga 
cgtgggcaac 
acaccgaaga 
cccgcggcgc 
gcctgagagg 
agcagt aggg 
gaaggt ct t c 
cggtacggtg 
aat acgt agg 
1 1 aagt ct ga 
t gagt gcaga 
ggaacaccag 
ggggagcaaa 
1 1 agaggggt 
acggccgcaa 
t ggt 1 1 aat t 
agagataggg 
gctcgtgtcg 
ccagcat t ca 
t gacgt caaa 
caaaggget g 
gcaggct gca 
cggt gaat ac 
cccgaagt eg 
gggt gaagt c 



ccggacagga 
ct acccgt aa 
ccgcat ggt c 
at t agct agt 
gt gaccggcc 
aat ct t ccgc 
ggat cgt aaa 
acggt acct a 
ggcgagcgt t 
t gt gaaagcc 
agaggagagc 
t ggcgaaggc 
caggat I aga 
caaaccct 1 1 
ggct gaaact 
cgaagcaacg 
cgt t ccccct 
t gagat gt t g 
gttgggcact 
I cat cat gcc 
cgaacccgcg 
act cgcct gc 
gttcccgggc 
gtgaggtaac 
gl aacagggt 



get t get ct t 
gaccgggat a 
1 1 cggt t gaa 
tggtgaggta 
acact gggac 
aat ggacgaa 
get ct gt t gt 
aegagaaagc 
gt ccggaai I 
cacggct caa 
ggaat t ccac 
ggct ct ct gg 
t accct ggt a 
agt get geag 
caaaggaat t 
cgaagaacet 
t cggggggae 
ggt t aagt cc 
ct aaggt gac 
cet t at gacc 
agggggagcg 
at gaagccgg 
ct t gt acaca 
cctttcggga 
agcca 
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<210> 2 
<211> 1498 
<212> mA 

<213> Geobaci 11 us sp. SPT5 
<400> 2 



agaacgct gg 
t git cggt ca 
aact ccggga 
aaggcggcgc 
aacggci cac 
ct gagacaeg 
aagect gacg 
t gagggacga 
ccccggct aa 
t at t gggcgt 
accgt ggagg 
egtgtagcgg 
gcct gcaaci 
agt ceacgec 
get aacgcga 
tgacgggggc 
1 1 accaggt c 
cagggt gaca 
ccgeaacgag 
act geeggcg 
cet gggct ac 
egaat eccaa 
ggaat cgct a 
caccgeccgt 
ggagccagcc 



eggegtgect 
gcggcggacg 
aaccggagct 
aagct gecac 
caaggcgacg 
gcccagact c 
gagegaegcc 
aggagegceg 
ct acgt gcca 
aaagegcgcg 
gt cat t ggaa 
l gaaat gcgt 
gacgctgagg 
gt aaacgat g 
I aagcact cc 
ccgcacaagc 
1 1 gacat ccc 
ggt ggt gcat 
cgcaaccet t 
acaagt egga 
acacgt get a 
aaagccgct c 
gt aat cgegg 
cacaecaega 
gccgaaggt g 



aat acat gca 
ggigagtaac 
aat accggat 
tt gcggaigg 
at gegl agcc 
ct acgggagg 
gcgt gagcga 
1 1 1 gaagaag 
geagecgcgg 
caggcggt t c 
actgggggae 
agagat gt gg 
cgcgaaagcg 
agigciaagt 
gcct ggggag 
ggt ggagcat 
ct gaeaaccc 
ggttgtcgtc 
cgcct ct agt 
ggaaggtggg 
caatgggcgg 
t cagi t cgga 
ai cagcat gc 
gagct t gcaa 
gggcaagt ga 



agtcgagegg 
acgtgggcaa 
aacaccgaag 
gcccgcggcg 
ggcctgagag 
cageagt agg 
agaaggcet t 
gcggcgcggt 
t aat acgt ag 
ct t aagt ct g 
1 1 gagt geag 
aggaacaeca 
tggggagcaa 
gt t agagggg 
t acggccgca 
gt ggl 1 1 aat 
aagagat t gg 
agct cgt gt c 
i gecagcat t 
gat gacgt ca 
t acaaaggge 
1 1 gcaggct g 
cgcggt gaat 
caecegaagt 
t tggggtgaa 



act gaat ggg 
cet gcccgca 
accgcat ggl 
cat t agct ag 
ggt gacegge 
gaat ct t ccg 
cgggt cgt aa 
gaeggt acct 
gggcgagcgt 
at gt gaaagc 
gagaggagag 
glggcgaagg 
acaggat t ag 
t cacaccct t 
aggct gaaac 
t cgaagcaac 
gcgt t ccc cc 
gt gagat gl t 
cggt t gggca 
aat cat eat g 
t gcgaaeecg 
eaaci cgcct 
acgt I eecgg 
cggigaggca 
gt cgt aaeag 



agct t get ct 
agaccgggat 
cittggttga 
tiggtgaggt 
cacact ggga 
caat gggcga 
agct ct gt t g 
caegaggaag 
t gt ccggaat 
ccacggct ca 
cggaat t oca 
cggct ct ct g 
at accct ggt 
t agt get gca 
t caaaggaat 
gcgaagaacc 
t tcgggggga 
gggt t aagt c 
ct ct agaggg 
ccect t at ga 
egagggggag 
gcat gaagee 
gcct t gl aca 
acccgt 1 1 eg 
ggt agcca 
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<210> 3 
<211> 1495 
<212> ENA 
<213> Geobaci 1 1 us 
<400> 3 
gaacgctggc 
gttcggttag 
act ccgggaa 
aggcggct 1 1 
acggct cacc 
t gagacacgg 
agt ct gacgg 
t agggaagaa 
cccggct aac 
altgggcgt a 
ccgt ggaggg 
gtgt agcggt 
tctgtaactg 
gtccacgccg 
ct aacgcgt t 
gacgggggcc 
t accaggt ct 
agggt gacag 
cgcaacgagc 
t gccgat gac 
t gggct acac 
aat cccaaaa 
aat cgct agt 
ccgcccgt ca 
gccagccgcc 



sp. SPT6 



ggcgt gcct a 
cggcggacgg 
accggagct a 
ggct gt cact 
aaggcgacga 
cccagact cc 
agcgacgccg 
gaagt accgt 
t acgt gccag 
aagcgcgcgc 
t cat t ggaaa 
gaaat gcgt a 
acgct gaggc 
t aaacgat ga 
aagcact ccg 
cgcacaagcg 
t gacat cccc 
giggt gcatg 
gcaaccct eg 
aaai cggagg 
acgt get aca 
agccgct ct c 
aat cgcggat 
caccacgaga 
gaaggt gggg 



at acat gcaa 
gt gagt aaca 

at accggat a 
t acggat ggg 
t gcgi agccg 
t acgggaggc 
cgt gagcgaa 
t cgaat aggg 
cagccgcggt 
aggcggt ccc 
ctgggggact 
gagatgtgga 
gcgaaagcgt 
gt get aagt g 
cct ggggagt 
gtggagcatg 
t gacaaccct 
gttgicgtca 
acct t agt t g 
aaggt gggga 
at gggcggt a 
agt t cggat t 
cagcat gccg 
get t gcaaca 
caagt gat t g 



gtcgagcgga 
cgt gggcaac 
acaccgaaga 
cccgcggcgc 
gcct gagagg 
agcagt aggg 
gaaggt ct t c 
cggt acggt g 
aat acgt agg 
1 1 aagt ct ga 
tgagtgcaga. 
ggaacaccag 
ggggagcaaa 
1 1 agaggggt 
acggccgcaa 
t ggt 1 1 aat t 
agagataggg 
gctcgtgtcg 
ccagcat t ca 
t gacgt caaa 
caaagggct g 
gcaggct gca 
cggt gaat ac 
cccgaagt eg 
gggt gaagt c 



ccggacagga 
ct acccgt aa 
ccgcat ggt c 
at t agct agt 
gt gaccggcc 
aat ct t ccgc 
ggat cgt aaa 
acggt acct a 
ggcgagcgt t 
t gt gaaagcc 
agaggagagc 
t ggcgaaggc 
caggat t aga 
caaaccct 1 1 
ggct gaaact 
cgaagcaacg 
cgt t ccccct 
tgagatgttg 
gt t gggcaci 
t cat cat gcc 
cgaacccgcg 
act cgect gc 
gt t cccgggc 
gtgaggtaac 
gt aacagggt 



get t get ct t 
gaccgggat a 
itcggttgaa 
tggtgaggta 
acact gggac 
aat ggaegaa 
gctctgtigt 
acgagaaagc 
gt ccggaat t 
cacggct caa 
ggaat t ccac 
ggctctctgg 
t accct ggt a 
agtgctgcag 
caaaggaat t 
cgaagaacct 
t cggggggac 
ggt t aagt cc 
ct aaggt gac 
cct t at gacc 
agggggagcg 
at gaagccgg 
ct t gt acaca 
cct 1 1 cggga 
agcca 
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<210> 4 
<211> 1498 
<212> mA 
<213> Geobaci 1 1 us 
<400> 4 
gagaacgcl g 
tgatttggtc 
t aact ccggg 
aaaggeggee 
gt aacggct c 
gact gagaca 
gaaagcct ga 
t gt gagggac 
agccccggct 
attattggge 
caaccgi gga 
cacgt gt age 
t ggcci gcaa 



sp. SPT7 



gcggcgt gcc 
agcggcggac 
aaaccggagc 
1 1 1 ggct gt c 
accaaggcga 
cggcccagac 
cggagcgacg 
gaaggagcgc 
aact acgt gc 
gt aaagcgcg 
gggt cat tgg 
ggt gaaat gc 
ct gacgct ga 



gtagtccacg ccgtaaacga 
cagctaacgc gataagcact 



attgacgggg 
cct t accagg 
gaeagggt ga 
t cccgcaacg 
gact gccgge 
acct gggct a 
gcgaat ccca 
cggaat c get 
acaccgcccg 
ggagccagcc 



gcccgcacaa 
t ct t gacat c 
caggt ggt gc 
agegc aaccc 
gacaagt egg 
cacaegt get 
aaaagccgct 
agt aat cgcg 
t cacaccacg 
gccgaaggt g 



t aat acat gc 
gggt gagt aa 
t aat aecgga 
act t geggat 
cgat gcgt ag 
t cct acggga 
ccgcgt gage 
cgt t cgaaga 
cagcagccgc 
cgcaggcggt 
aaact ggggg 
gt agagat gt 
ggcgcgaaag 
t gagt get aa 
ccgcctgggg 
gcggt ggagc 
ecct gacaac 
at ggt t gt eg 
t cgect ci ag 
aggaaggi gg 
acaat gggcg 
ct cagt t egg 
gat cagcat g 
agagct t gca 
gggcaagt ga 



aagt cgagcg 
cacgt gggca 
t aacaecgaa 
gggecegcgg 
ecggcct gag 
ggcageagt a 
gaagaaggee 
gggcggcgcg 
ggt aat acgt 
t cct t aagt c 
act t gagt gc 
ggaggaacac 
cnt ggggage 
gt gt t agagg 
agtacggccg 
atgtggttta 
ccaagagat t 
tcagct cgt g 
1 1 gcc agcac 
ggat gacgt c 
gt aeaaaggg 
at t gcaggct 
cegcggt gaa 
acacccgaag 
ttggggtgaa 



gaccaaat eg 
acct gcccgc 
gaecgeat gg 
egcat t agct 
agggt gaeeg 
gggaat ct t c 
1 1 cgggt cgt 
gt gacggt ac 
aggggegage 
t gat gt gaaa 
aggagaggag 
cagt ggcgaa 
aaacaggat t 
ggt cacaccc 
caaggct gaa 
at t cgaagca 
gggcgttccc 
t cgt gagat g 
gaangt ggge 
aaat cat. cat 
ct gcgaacce 
gcaact cgcc 
t acgt t cecg 
tcggtgnggt 
gt cgt aacag 



gaget t get e 
aagaccggga 
tetttggtlg 
agt t ggt gag 
gecacaet gg 
cgcaat gggc 
aaaget ct gt 
ct cacgagga 
gt t gt ccgga 
geecaeggct 
agcggaat t c 
ggcggct ct c 
a gat accct g 
1 1 1 agt get g 
act caaagga 
acgcgaagaa 
cct t cggggg 
1 1 gggt t aag 
act ct agagg 
geccet t at g 
gcgaggggga 
t gcat gaagc 
ggect t gt ac 
aaccct t acg 
ggt agcca 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1498 



<210> 5 
<211> 20 
<212> DMA 
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<213> Artificial Sequence 
<400> 5 

agagtttgat cctgcctcag 20 

<210> 6 
<211> 19 
<212> ENA 

<213> Artificial Sequence 
<400> 6 

ggctaccttg ttacgactt 19 



Claims 

1. A novel microorganism belonging to genus Geobacillus. which has an ability to produce a solubllizing enzyme for 
solublllzing organic solid matter such as organic sludge or biological sludge. 

2. A novel microorganism belonging to genus Geobacillus, which has an ability to produce a solubilizing enzyme for 
solubiiizing organic solid matter such as organic sludge or biological sludge and has the following mycological 
characteristics: 

A. Morphological characteristics 

(1 ) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 jjim and a length of 2.0 to 4.0 jjim 

(2) Presence or absence of motility: present 

(3) Presence or absence of spore: present 

B. Cultivating characteristics (Nutrient agar plate culture) 

(1 ) Colony morphology: circular, entirely smooth edge, low convex 

(2) Color: cream color 

(3) Gloss: present 

C. Physiological characteristics 

(1) Gram staining property: + 

(2) Nitrate reduction: - 

(3) Indole production: - 

(4) Hydrogen sulfide production: - 

(5) Use of citric acid: - 

(6) Urease: - 

(7) Oxidase: + 

(8) Catalase: + 

(9) Attitude to oxygen: aerobic 

(10) 0-F test (glucose): - /- 

(1 1 ) Production of acid and gas from saccharides D-glucose: acid (+) /gas (- ) 

3. A novel microorganism belonging to genus Geobacillus, which has an ability to produce a solubilizing enzyme for 
solubilizing organic solid matter such as organic sludge or biological sludge and has the following mycological 
characteristics: 

A. Morphological characteristics: 

(1 ) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 jxm and a length of 2.0 to 4.0 p-m 

(2) Presence or absence of motility: present 

(3) Presence or absence of spore: present 

B. Cultivating characteristics (Nutrient agar plate culture) 
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(1 ) Colony morphology: circular, entirely smooth edge, low convex 

(2) Color cream color 

(3) Gloss: present 

5 C. Physiological characteristics 

(1) Gram staining property: + 

(2) Nitrate reduction: - 

(3) Indole production: - 

10 (4) Hydrogen sulfide production: - 

(5) Use of citric acid: - 

(6) Urease: - 

(7) Oxidase: + 

(8) Catalase: + 

15 (9) Attitude to oxygen: aerobic 

(10) 0-F test (glucose): - /- 

(11) Production of acid and gas from saccharides D-glucose: add (+)/gas (- ) 

(12) Fermentability test 

20 (a) D-glucose: + 

(b) D-fructose: + 

(c) D-mannose: + 

(d) D-sorbitol: - 

(e) Inositol: - 
25 (f) Maltose: + 

(g) Trehalose: + 

(13) Other physiological characteristics 

^ (a) P-Galactosidase activity: - 

(b) Arginine dihydrolase activity: - 

(c) Lysine dicarboxylase activity: - 

(d) Tryptophan deaminase activity: - 

(e) Acetoin production: - 
35 (f) Gelatinase activity: + 

(g) Ornithine dicarboxylase activity: * 

4. The novel microorganism according to claim 1 . which is Geobaciilus sp. SPT4 (PERM BP-08452). 
^0 5. The novel microorganism according to claim 1 . which Is Geobaciilus sp. SPT5 (PERM BP-08453). 

6. The novel microorganism according to claim 1 , which is Geobaciilus sp. SPT6 (PERM BP-08454). 

7. The novel microorganism according to claim 1 , which is Geobaciilus sp. SPT7 (PERM BP-08455). 

45 

8. A novel microorganism belonging to genus Geobaciilus, which has an ability to produce a solubilizing enzyme for 
solubilizing organic solid matter such as organic sludge or biological sludge and has a base sequence of IBSrRNA 
gene as described in SEQ ID No. 1 in the sequence listing. 

50 9. A novel microorganism belonging to genus Geobaciilus. which has an ability to produce a solubilizing enzyme for 
solubilizing organic solid matter such as organic sludge or biological sludge and has a base sequence of 16SrRNA 
gene as described in SEQ ID No. 2 in the sequence listing. 

10. A novel microorganism belonging to genus Geobaciilus. which has an ability to produce a solubilizing enzyme for 
55 solubilizing organic solid matter such as organic sludge or biological sludge and has a base sequence of 1 6SrRNA 

gene as described in SEQ ID No. 4 in the sequence listing. 

11. A process for treatment of organic solid matter, in which organic solid matter such as organic sludge or biological 
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sludge is solubilized by at least one novel microorganism according to any one of claims 1 to 10. 

12. A process for treatment of organic solid matter, in which organic solid matter such as organic sludge or biological 
sludge is solubilized by a mixture of microorganisms comprising any one of the novel microorganisms according to 
5 claim 4, 5 or 6 and the novel microorganism according to claim 7. 
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